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Introduction
Stress is a common and frequent experience for most adolescents worldwide [1] [2] [3] [4] , and it is becoming a public health problem affecting adults and children alike [5] . Although stress is not necessarily associated with negative aspects, high or continuous levels of stress or scarce coping resources can make it a trigger for physical and mental health problems [6] that affect the quality of life [7, 8] . In this sense, stress appears to be associated with the onset of emotional problems and mental disorders, such as depression [8, 9] , anxiety [10] and posttraumatic stress disorder [11] . This relationship between stress and health is particularly worrisome during adolescence, a period of great vulnerability [12, 13] . At this stage, academic, social, and family pressures along with rapid changes in the environment and in adolescents themselves lead to high levels of stress [14] [15] [16] .
As a result, in recent years, there has been a growing interest in analyzing stress levels during adolescence. Subjective measures such as questionnaires have usually been used [6, [17] [18] [19] . However, although children and adults provide good information about their internal experiences [20] , such measures can be strongly influenced by personal or subjective aspects; therefore, it is necessary to include objective measures of stress to determine the physiological response. Of the existing indicators, cortisol is considered the most reliable biomarker for measuring physiological stress levels [21] . Cortisol may be considered the primary glucocorticoid in humans [22] , and it plays a critical role in the stress response and the protection of the body and brain [23] . The mechanism underlying the relationship between stress and cortisol is as follows: the hypothalamic-pituitary-adrenal axis (HPA) regulates various body processes and interactions, including reactions to psychological stress [24] [25] [26] . The release of glucocorticoids, such as cortisol, functions as a negative feedback regulator of the HPA axis.
To date, most studies have analyzed cortisol responses using saliva, urine, or serum samples [27] [28] [29] [30] . However, these methods reflect acute or short-term hormone levels [31] , which often have daily fluctuations. In contrast, the analysis of hair cortisol concentrations (HCCs) provides a reliable and valid long-term index of cortisol secretion [32] [33] [34] [35] [36] . This makes HCC analysis a very attractive measure for determining chronic stress [37, 38] , especially in the youth population, for which rapid, noninvasive sampling procedures are essential.
Although both subjective and objective measures are used to determine chronic stress levels in adolescents, the relationship between these types of measures is controversial [39] . In some studies, HCC correlates positively and significantly with perceived stress measures [40] [41] [42] . However, other studies do not find such a relationship [43] [44] [45] [46] or find a negative relationship [47] . It therefore seems necessary to deepen the investigation into this relationship.
Despite the importance of research that uses both subjective and objective measures, such studies are scarce in healthy adolescents [46] . Most research on HCCs has been conducted in the adult population [35] , and there are few studies in children and adolescents [48] . In this regard, Stalder et al. [46] performed a meta-analysis of research evaluating HCCs in healthy people, and only 13 of 124 subsamples included subjects under 18 years of age. In comparison, a systematic review by Gray et al. [49] included 36 studies carried out with minors, but only 10 of them included adolescents. Of the 10 studies, four of the investigations included adolescents with diseases such as asthma [50] , anorexia nervosa [51] , adrenal insufficiency [52] and chronic psychological stress [53] ; one investigation focused on adolescents living in socioeconomically disadvantaged neighborhoods [54] , and another focused on children and adolescents experiencing maltreatment [55] . Therefore, only 4 of these 10 studies focused exclusively on healthy adolescents. It should be noted that only one of the studies offered HCC reference ranges [28] . However, these ranges were not differentiated by sex, the temporal stability of HCC was not evaluated, and the sample included only 128 subjects. In relation to the stability of HCC measurements in adolescents, although research with 17-to 21-year-olds indicates that there may be some intraindividual stability [56] , there is limited research on adolescents. In this context, it is essential to carry out research to fill this gap in the literature.
According to the literature, stress levels in adolescents, whether subjective or physiological, seem to be affected by demographic variables, such as sex and age [57] . On the one hand, girls have higher cortisol levels than boys [58] and report more perceived stress [17, 59] . However, in terms of cortisol levels, some studies have found that boys show higher levels than girls [35, 60] , while others have found no difference between the two [28, 57, 61, 62] . Controversy regarding age also seems to exist. Some studies suggest that there is no association between age and HCC [35, 50, 51, 60, [63] [64] [65] [66] , while others have found a positive relationship [28, 55] . This discrepancy highlights the need for studies to clarify the possible influence of age on HCC [49] and sex on stress levels [46, 62] . The abovementioned issues highlight the importance of the study presented here.
First, given the high impact of stress on health, especially among adolescents, and the paucity of studies that examine HCCs in young people, research is needed to determine HCCs in healthy adolescents. Second, considering the controversial relationship between perceived stress and HCCs and the lack of consistent data on this relationship [39] , especially during a developmental period of great vulnerability (namely, adolescence) and in a population that is rarely considered (namely, healthy people), it is critical to analyze this relationship in this type of population. Third, because of the limited studies on the temporal stability of HCC measurement in healthy adolescents, it is necessary to analyze possible fluctuations in cortisol level at two time points (6 months apart). Finally, there does not seem to be any agreement in the literature on the role of sex and age in stress levels, especially with regard to objective measures; thus, further studies are needed to analyze the impact of sex and age by considering both objective and subjective measures.
In this context, the objectives of the present investigation were to identify HCC reference ranges in healthy adolescents, examine the relationship between perceived stress and cortisol levels, determine the temporal stability of HCCs and perceived stress at 6 months and analyze the roles of sex and age in subjective and objective stress measures. The hypotheses were that subjective and objective measurements of stress will be positively related [40] [41] [42] and that the HCC will remain stable over 6 months. Regarding sex, there will be differences only in perceived stress levels, with girls scoring higher [17, 59] . With respect to age, adolescents between the ages of 12 and 14 are around Tanner stage IV [67, 68] ; considering the literature to date on cortisol levels during this stage, there will be no differences in either perceived stress levels or HCCs [35, 63] . Few studies have analyzed the HCCs of healthy adolescents in samples of this size; therefore, verifying whether differences exist could be interesting.
Materials and methods
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The consent was obtained from the government, schools, parents and the university's ethics commission, before adolescents were included in the study. It was approved by ethics committee.
Participants
The participants were 170 healthy adolescents aged between 12 and 14 years old (M = 12.78 years; SD = 0.71 years; 52.40% girls) from 4 public schools. They were selected from a convenience sample of 1500 adolescents from 4 public schools in the Valencian Community who had previously provided informed consent to participate.
Procedure
This study is part of a larger investigation funded by the Ministry of Economy and Competitiveness ("Enhancing psychological well-being and school coexistence in adolescents through education in emotions: longitudinal study" /PSI2013-43943-R). The necessary consent was obtained from the government, the schools, and the university's ethics commission, before the adolescents were included in the study. Parents provided written, informed consent for their child to participate in the present study.
There were two principal inclusion criteria. First, the participants had to certify the absence of any disease that would influence their glucocorticoid levels (especially Addison's disease and Cushing's disease), including mental and psychiatric illness (including anxiety, depression, obsessive-compulsive disorder and attention-deficit/ hyperactivity disorder). Second, they had to certify that they were not receiving any pharmacological treatment (administered by any method: oral, inhaled or topical) that could influence cortisol levels, including antipsychotics, ADHD medications and corticosteroids. There was one principal exclusion criteria: the adolescents could not have dyed hair.
A longitudinal descriptive study was conducted to test the cortisol levels in the adolescents. During January 2016, the first hair collection was carried out, and the adolescents completed the questionnaire and provided sociodemographic data. A second evaluation was carried out 6 months later following the same procedure. Both hair samples were collected from the same posterior region of the head.
Assessment and measures
Perceived stress. The Perceived Stress Scale 4 (PSS-4) [69, 70] is a reduced version of the Perceived Stress Scale (PSS) [71] . It is a self-report scale made up of four items. Its brevity makes it especially suitable for adolescents as it facilitates very rapid administration. The questionnaire assesses the extent to which the subject assesses his or her life over the past month as unpredictable, uncontrollable and overloaded. The response format consists of a 4-point Likert scale (1 = never; 4 = always). A higher score indicates a higher presence of perceived stress. Previous research has shown that this scale is reliable and valid [70] , which was also observed in this study.
Hair cortisol concentrations. A 2-cm lock of hair from each participant (25-40 mg, approximately 150 hair strands) was cut from the back of the head, as close to the scalp as possible. This area has been shown to have the most stable HCC [72] . To prepare the samples for the extraction of the cortisol in the most efficient way, they were cut finely, one by one, using fine scissors, until they were practically a powder, so that when they were placed in contact with the methanol, maximum extraction was achieved. The hair locks were taped to a paper form with the scalp end marked and stored in individual sets at room temperature. Then, the samples were combined with alcohol and agitated at medium intensity for 36 hours at 37.7 degrees. After this process, methanol was extracted from each sample (with a 1000-μl pipette) and transferred to an Eppendorf tube. The alcohol was evaporated by means of an evaporator associated with nitrogen flow to improve the process, and the samples were placed on a hot plate to promote further evaporation. Cortisol was quantified using the Salivary Cortisol ELISA SLV-2930 kit (DRG International Inc.) after the solubilization of the pellet obtained after the evaporation of the methanol with a phosphate-buffered saline (PBS).
Statistical analysis
The statistical analysis was conducted using SPSS 23.0. First, the descriptive statistics and reference range were calculated considering the whole sample, grouped by sex and age. Second, following the recommendations of the literature [73] , a logarithmic transformation of the HCC variables was carried out. The relationship between cortisol level and PSS was calculated by means of a Pearson correlation considering the whole sample, grouped by sex and age. Third, the stability of the cortisol levels and the perceived stress were analyzed by means of a t-test. Finally, t-tests were performed to analyze the differences in cortisol levels considering sex, and ANOVA was used to analyze the differences by age. Table 1 presents the descriptive statistics and reference ranges for cortisol levels for the whole sample and by sex and age. The cortisol levels were between 0.07 pg/mg and 9.54 pg/mg (M = 3.26; SD = 1.88) for the entire sample. When considering the levels grouped by sex, we observed that in the case of girls, the cortisol levels ranged from 0.20 to 9.54 (M = 4.00; SD = 1.88), while in boys, the values ranged from 0.07 to 7.85 (M = 2.44; SD = 1.52). With respect to age, the range of cortisol values for 12-year-olds was found to range from 0.20 to 9.54 (M = 3.01; SD = 1.98); for 13-year-olds, from 0.07 to 7.88 (M = 3.62; SD = 1.84); and for 14-year-olds, from 0.37 to 6.96 (M = 2.86; SD = 1.61).
Results

Cortisol levels
Relation between perceived stress (PSS) and cortisol levels
The relationship between perceived stress and cortisol levels was analyzed with a Pearson correlation for the whole sample and by sex and age. According to the results at time 1 (r = .07, p = .381) and time 2 (r = -.11, p = .411), no correlation was found for the whole sample. When the role of sex and age in that relationship was examined, no relationship was observed for girls (r = .10, p = .353), boys (r = .07, p = .521), adolescents at 12 years old (r = .01, p = .961), adolescents at 13 years old (r = .20, p = .086) or adolescents at 14 years old (r = -.14, p = .477) at time one.
Stability of cortisol levels at 6 months
Then, to analyze the stability of cortisol levels, new measurements were taken after six months, and a t-test was performed considering both moments for a subsample of 76 adolescents of the total sample of 170 ( Table 2 ). The age and sex distributions of the participants included in the subsample were similar to those of the excluded participants. Considering the cortisol levels at moment 1, the values ranged between 0.22 and 7.88 (M = 4.08; SD = 1.79), while at moment 2, the values ranged between 1.91 and 9.27 (M = 4.88; SD = 1.70). According to the t-test results, there seemed to be stability in perceived stress after 6 months [t (51) Differences in cortisol and perceived stress levels considering sex and age Differences in hair cortisol levels and perceived stress levels were analyzed according to sex and age. Considering sex (Table 3) 
Discussion
As noted above, stress, although a common experience in adolescence [15] , is a determinant of physical and mental health [7] , especially in young people [6] . Therefore, the importance of this study is highlighted, given the gaps in the literature regarding the analysis of stress in healthy adolescents. There are few studies combining subjective and physiological measures, and there is no consensus on the relationship between the two types of measures. There is also controversy regarding the role of age and sex in stress levels, and there are no reference ranges for the HCC in healthy adolescents that account for the temporal stability of the measure. The aims of the present study were to determine the levels of subjective stress and the HCCs in healthy adolescents, to offer HCC reference ranges, to analyze the relationship between perceived and physiological stress, to study the differences in stress levels according to sex and age and to determine the temporal stability of HCCs during adolescence.
The results suggest that the levels of cortisol in adolescents range from 0.07 pg/mg to 9.54 pg/mg. HCC reference ranges are also offered by sex and age. Most research on HCCs has been conducted in adults [35] , and there are few studies in young people [48] . This research provides HCC reference ranges for adolescents, which will allow the interpretation of this measure in healthy young people.
Regarding the relationship between perceived stress and cortisol levels, the results obtained showed no association between the two measures for either the whole sample by sex and age. These results are not in line with the starting hypothesis but are consistent with some previous studies [43] [44] [45] [46] . Stress is a complex phenomenon that manifests at different levels, including the physiological, cognitive, behavioral and emotional. The HCC captures only one aspect of endocrine activity and cannot fully reflect the functioning of the HPA axis [46] . The PSS focuses on the subjective perception of stress, which is the most cognitive aspect. The absence of an association between the two measures may be explained by the fact that they assess responses other than stress that do not necessarily have to occur at the same time. It is possible that some adolescents, when faced with stress, may have more physiological manifestations and others may have more cognitive manifestations, but not both simultaneously. Therefore, young people who exhibit more physiological stress may or may not have more subjective stress, and vice versa. Another reason may be that PSS scores and cortisol levels are parameters that depend on very different factors that may influence each parameter differently [43] . These results may clarify the relationship between the two constructs, which has hardly been studied in the literature.
The hypothesis regarding the temporal stability of stress was that it would remain stable for 6 months, but the results only partially confirmed this hypothesis. The results suggest that perceived stress remained stable, but HCC values were higher after 6 months. Since there is no relationship between perceived stress and physiological stress [43] [44] [45] [46] , differences in stability could be found depending on the type of measure used.
The differences in HCC at the two time points could be due to different explanations. First, the literature suggests that cortisol secretion fluctuates depending on the time of year [27] ; in the present research, the first stress measurement was performed in January, and the second was performed in June. Second, during the T2 assessment, the adolescents were in the midst of their examination period, a few days before the end of the academic year; during this period, they usually have a more negative affect [74] . In our study, the adolescents experienced more objective stress, but no differences were found in perceived stress, perhaps because the adolescents had difficulty perceiving stress, even when they were suffering from it. In this sense, the adolescents may have become accustomed to that stressful period; although they may not have been able to detect stress subjectively, their bodies detected it. Therefore, their cortisol levels were higher during that period [74] despite an absence of fluctuations in perceived stress, as observed in our research.
Finally, another explanation might be the adolescents' assessments of the stressful situation and their own resources for coping with those situations, as is pointed out in the Lazarus model [75] . From this perspective, a person may experience more objective stress (HCC), but his or her subjective perception may be modulated by those other factors.
Nevertheless, the literature suggests that the relationship between objective and subjective stress, as well as the temporal stability of stress levels according to different measures, are not clear. Therefore, these results are especially interesting and novel given the scarcity of studies measuring the stability of HCC and perceived stress in healthy adolescents. Nonetheless, it is necessary to continue to deepen the comparison of both types of measures at different times both with other samples and in other contexts.
Finally, considering the differences according to sex and age, we observed that in the case of the girls, the cortisol levels ranged from 0.20 pg/mg to 9.54 pg/mg, while for the boys, the values ranged from 0.07 pg/mg to 7.85 pg/mg. The cortisol values of the 12-year-olds ranged from 0.20 pg/mg to 9.54 pg/mg; in the13-year-olds, they ranged from 0.07 pg/mg to 7.88 pg/mg; and in the 14-year-olds, they ranged from 0.37 pg/mg to 6.96 pg/mg. Based on these results, the third hypothesis was not supported by the data, but the fourth hypothesis was. There were significant differences in cortisol levels by sex, and the girls had higher values. These differences were not observed for subjective stress levels. Despite not confirming the third hypothesis, these HCC results are in line with previous research [17, 58, 59] and suggest that girls experience higher levels of chronic stress than boys. As noted above, little is known about the impact of sex on stress levels in healthy adolescents, especially with regard to the HCC. The present research helps to fill this gap in the literature. The results seem to support the final hypothesis of the study: the levels of perceived stress and physiological stress do not seem to vary according to age in adolescents aged 12 to 14 years. These results are in line with previous studies in which there was no link between age and stress [35, 63, 64, 66] . This research provides knowledge that allows us to extend and consolidate the limited results observed in the literature.
Despite the interesting findings of the study presented here, it is not exempt from limitations. First, the sample was not obtained through probabilistic sampling, and information was only collected from adolescents in the Valencian Community, which makes it difficult to generalize the results. It would be advisable to extend the sample to other Spanish populations. Second, the presence of exams and the time of year at which the data were obtained may have influenced the results of this research. Third, some demographic, anthropomorphic and clinical factors that may have helped to better characterize the sample are missing; these factors include IQ, BMI, substance use, hospitalizations, and stress during the early years of life. Fourth, the adolescents were in the pubertal state (Tanner stage IV) and their age range was narrow [67, 68] , so the results on the effect of age on study variables should be taken with caution. Five, the PSS-4 assessment only asks questions about life during the past month. Hence, the hair correlating to this time period was the proximal 1 cm; however, we collected 2 cm of hair, which would correspond with the cortisol levels over the previous two months. However, the PSS-4 is an adapted and validated measure, and modifications of its wording by changing the temporal period of consideration are not recommended. Finally, no account was taken of whether the participants had acute inflammatory conditions. To avoid this limitation in future research, participants should certify the absence of acute inflammatory conditions.
Despite the limitations, this research is especially useful for the prevention and promotion of adolescent health as it advances the measurement and understanding of stress in healthy populations during adolescence, a complex and stressful period. The research fills some of the gaps in the literature and improves the understanding of stress by offering, among other aspects, reference ranges for HCC differentiated by sex and age, which do not exist in the current literature. In this way, as a result of the improved detection of stress levels and the existence of comparative parameters, it will be possible to prevent the emergence of emotional problems associated with stress during adolescence [8] [9] [10] , which will result in an improvement in the physical and mental health of young people and higher levels of well-being.
Among the contributions of the present study are its provision of HCC reference ranges for healthy adolescents, its use of a considerably larger sample than in most HCC studies to date, its focus on an understudied population, and its analysis of the temporal stability of HCC over a period of 6 months-an aspect that has been minimally evaluated to date in healthy adolescents. The present study also combines objective and subjective measures to assess stress and examines the relationship between the two types of measures. Finally, it explores the impact of sex and age on the stress levels of adolescents, an aspect that has rarely been analyzed in the scientific literature. 
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